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(57) ABSTRACT 

The application discloses a flexible multilayer tubular pack 
age. The package is for an intermittent catheter. The intermit 
tent catheter is coated with a hydrophilic coating, which 
becomes slippery when in contact with a Swelling medium. 
Thus, the tubular package of the application can with-hold the 
Swelling medium for a long time and at the same time being 
flexible and bendable. Furthermore, the application discloses 
a catheter package set, which comprises a multilayer tubular 
package, an intermittent catheter and a Swelling medium. 
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FLEXBLE WATERVAPOUR BARRIER 
MULTILAYERTUBE FOR PACKAGING 

PURPOSE 

FIELD OF THE INVENTION 

0001. The present invention relates to a multilayer tubular 
package for a urinary catheter. Furthermore, the invention 
relates to a catheter package set comprising a multilayer 
tubular package, a catheter and a Swelling medium. 

BACKGROUND 

0002 Urinary catheters are used as a tool assisting in the 
draining of the urinary bladder of persons that have reduced 
or non-existing bladder control. The reduced or non-existing 
bladder control may either be temporary or permanent, where 
a temporary loss of bladder control may be caused by trauma, 
loss of consciousness or illness, as an example. An example of 
a permanent loss of bladder control may be, where a loss of a 
neural connection between the brain or spinal cord and the 
urinary bladder occurs due to a trauma to the spinal cord, as is 
often the case with para- and tetraplegics. 
0003. One example of a urinary catheter which is widely 
used for draining urine from the urinary bladder, is where a 
catheter tube is inserted into the urethra of a user and where 
the tip of the catheter tube is maneuvered into the urinary 
bladder, forcing the urethral sphincter open and thus provid 
ing a drainage channel from the urinary bladder and out of the 
body, via the catheter tube. There are two types of catheters 
which are commonly used, the permanent catheter and the 
intermittent catheter. The permanent catheter is a highly flex 
ible catheter which is inserted by medical professionals into 
the body for a long period of time and where the catheter is 
anchored inside the bladder. The intermittent catheter is usu 
ally a single use catheter or a multiple use catheter, which is 
inserted by the user into the urethra?bladder for the immediate 
drainage of their urinary bladder and is removed from the 
urethra?bladder Subsequent to the drainage. 
0004. There are a number of different types of intermittent 
catheters which are currently available for the user, such as 
the SpeediCathr) and EasiCathr) marketed by Coloplast A/S 
which are conventional one-piece catheter tubes which have 
an outlet at its distal end which may be used to connect the 
catheter to a urinary bag for collecting the urine drained from 
the urine bladder. 

0005 Catheters are usually coated with a hydrophilic 
coating. The coating is as a minimum applied on that part of 
the surface which is introduced or comes into contact with 
e.g. mucous membranes during introduction of the device. 
Whereas Such a coating is not particularly slippery when dry, 
it may become extremely slippery when it is swelled with 
water before introduction into the human body. The hydro 
philic coating thus ensures a Substantially painless introduc 
tion with a minimum of damage on tissue. 
0006 Ready to use hydrophilic coated intermittent cath 
eters are usually packed with a Swelling medium such as 
water and optionally containing various additives. 
0007 Some catheter packaging concepts are based on 
tubes instead of packaging films or foils. 
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0008. The problem has until now been to secure that such 
tube is flexible and at the same time gives satisfactory shelf 
life for the product. 
0009 Conveen(R) Expect catheter, the first ever ready to 
use hydrophilic coated intermittent catheter, was launched in 
year 2000 by Coloplast A/S. This product was packed in 
corrugated tubing made of 14% polyethylene vinyl acetate 
copolymer (EVA) material. The tube had good flexibility but 
had poor water barrier properties. Therefore, it was delivered 
with an aluminium bag as a secondary packaging. 
0010 SpeediCathr Compact Female catheter was 
launched in 2004. This product was primarily packed in a 1 
mm thick polypropylene (PP) homopolymer tubing which 
gives the required water barrier. However, this tube has no 
flexibility. 
0011 EP 2,106,821 discloses a catheter assembly com 
prising a catheter having an insertion end and a discharge end, 
and a receptacle. The receptacle comprises a tubular member 
which in a storage state accommodates a catheter section 
including the insertion end of the catheter. The tubular mem 
ber has at least one pleated region located along the tubular 
member arranged with a plurality of pleats, which pleats in 
the storage state forms a curvature, thereby enabling for a 
curved disposition of a catheter section located therein. The 
catheter assembly allows the catheter to, during storage, be 
curved such that minimum space consumption is required, 
meanwhile kinking of the catheter is avoided. 
(0012 WO 2007/050685 discloses a pre-wetted intermit 
tent catheter apparatus including a collapsible container. The 
catheter apparatus includes a container made of a gas imper 
meable material Such as polypropylene and polyethylene. 
The pleat or folds in the outer surface of the container permit 
the container to compress or collapse. 
0013 From the above examples it can be seen that there is 
a need at the same time to fulfill the water barrier and the 
flexibility properties, when packaging ready to use hydro 
philic coated catheters in a tube package. 

SUMMARY OF THE INVENTION 

0014. The present invention provides a flexible multilayer 
tubular package. The package is for an intermittent catheter. 
The intermittent catheter is coated with a hydrophilic coating, 
which becomes slippery when in contact with a Swelling 
medium. Thus, the tubular package of the invention can with 
hold the Swelling medium for alongtime and at the same time 
being flexible and bendable. 
0015. Furthermore, the present invention is providing a 
catheter package set, which comprises a tubular package, an 
intermittent catheter and a Swelling medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 illustrates a multilayer tube according to the 
invention made of two or more individual material layers. 
0017 FIG. 2 illustrates one embodiment of the invention, 
wherein the tube is straight. 
0018 FIG. 3 illustrates an embodiment of the invention, 
wherein the tube is corrugated. 
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DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

Abbreviations and Classification of Materials 

0019 

Trade name?trivial 
name abbreviation Chemical name 

Thermoplastic polymers: 

Polyolefin based: 

PE Polyethylene (either homopolymer or copolymer) 
LDPE Low density polyethylene (homopolymer) 
LLDPE Linear low density polyethylene (including copolymers 

with butene, hexene and octene) 
HDPE High Density Polyethylene 
PP Polypropylene, homopolymer 
PP-cop. Polypropylene copolymers including e.g. Vistamaxx 

from ExxonMobile 
EVA Poly-ethylene-vinyl-acetate copolymer 
EMA Poly-ethylene-methyl-acrylate copolymer 
EEA Poly-ethylene-ethyl-acrylate copolymer 
EBA Poly-ethylene-butyl-acrylate copolymer 
COC Cyclic polyolefin, e.g. Topas from Ticona 
COC-PE Compound of cyclic polyolefin and polyethylene 
Halogen based: 

PVC Polyvinyl Chloride 
PVDC Polyvinylidene Chloride, e.g. Selar from Dow Chemical 
PCTFE Polychlortriflourethylene e.g. Aclar from Honeywell 

Thermoplastic Elastomers: 

Styrene based: 

SBS Polystyrene-block-poly(isobutylene)-block-polystyrene, 
e.g. Sibstar from Kaneka 

SEBS Polystyrene-block-poly(ethylene, butylene)-block 
polystyrene, e.g. Kraton G from Kraton 

SEPS Polystyrene-block-poly(ethylene/propylene)-block 
polystyrene, e.g. Septon from Kuraray 

SBS Polystyrene-block-poly(butadiene)-block-polystyrene, 
e.g. Kraton D (SBS types) 

SIBS Polystyrene-block-poly(Isoprene/butadiene)-block 
polystyrene, e.g. Kraton D (SIBS types) 

SIS Polystyrene-block-poly(Isoprene)-block-polystyrene, 
e.g. Kraton D (SIS types) 

Other polyolefin: 

PIB Polyisobutylene 
IIR Uncured butyl rubber (poly-isobutylene-isoprene 

copolymer, e.g. Lanxess Butyl) 
PPEPDM Polypropylene with in-situ crosslinked ethylene 

propylene-diene-methylene rubber e.g. Santoprene from 
ExxonMobile Chemical 

Halogen based: 

CIR Chlorobutyl uncured rubber 
BIR Bromobutyl uncured rubber 

0020. The aim of the invention is to secure that a tubular 
package for an intermittent catheter is flexible and bendable 
and at the same time gives satisfactory shelf life for the 
product. The goal is achieved by the choice of the tube mate 
rial. 

0021. By tube material and the properties thereof is meant 
the total layered construction of the multilayer tube and the 
properties thereof. 
0022. A good shelf life of the products is achieved by 
keeping the catheter wet by the Swelling medium at all times. 
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Thus, the package should avoid leakage of any kind of the 
Swelling medium from the package. 
0023. In an embodiment of the invention, a catheter pack 
age is formed as a tube for an intermittent catheter, wherein 
the tube material is flexible and has a low water vapour 
transmission rate. 
0024. By tube or tubular is meant a cylinder-like element 
with a Substantially circular cross section. 
0025. According to one embodiment of the invention, the 
tube material has a water vapour transmission rate below 0.50 
g/m/mm/24 h, preferably below 0.30 g/m/mm/24 h. 
0026 Water vapour transmission rate of the tube material 
can be measured according to standard method ASTM E96. 
0027. By a multilayer construction is meanta construction 
with two or more individual material layers. This gives an 
extended possibility to optimize the tube properties with 
regard to many important parameters like: 

0028. Water vapour barrier 
0029 Water vapour transmission rate 
0030 Flexibility 
0.031) Bending stiffness 
0032 Kink resistance 
0033 Price 
0034 Welding properties (special welding layers on 
inside or outside) 

0035) Surface friction 
0.036 Visual appearance 
0037 Printing on outside 
0038 Colouring 

0039. The catheter package of the invention is based on 
tubes instead of packaging films or foils. This gives advan 
tages in making products which are very compact and dis 
crete. The tubular product is easy to have in the pocket or bag. 
Moreover, the product is easier to handle and is more visually 
appealing. 
0040. Furthermore, a tubular package may give other 
product features and benefits such as using the tubular pack 
age as an extender tube to the toilet. For this intended use, it 
is also important that the tube has a certain flexibility and kink 
resistance. 
0041. It is also a requirement that the package can be 
radiation sterilized without degradation of the material and 
with only very small change of the geometrical dimensions. 
0042. As the standard solution today is to use a packaging 
based on aluminum foil, the package of the invention could 
also give an environmental advantage. 
0043. The packages disclosed in the prior art do not fulfill 
both the requirements with regards to barrier properties and to 
flexibility properties. Either the packages were using hard 
water barrierpolymers like PP and HDPE in a thickness of 0.5 
to 1.0 mm or they were soft as e.g. EVA and needed an extra 
secondary packaging to obtain the water vapour barrier 
requirements. 
0044) The barrier properties alone can be fulfilled by stan 
dard materials as PE or PP or more special materials COC, 
PVDC or Fluor polymers, however these are not very flexible 
and Some of them have high cost and a poor environmental 
profile. 
0045. The flexibility properties can be fulfilled by using 
PE copolymers like EVA, EMA, EEA, EBA, or metallocene 
PP copolymers (like Vistamaxx; Exxon Chemical and, Ver 
sify; Dow Chemical) or by thermoplastic elastomer materials 
like SBS, SEBS, SEPS compounds or EPDM/PP compounds. 
Some of these have water vapour barrier properties to some 
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extent. However for packaging of hydrophilic coated cath 
eter, they have not at the same time been fulfilling the require 
ments for shelf life, flexibility, kink resistance, sterilization 
stability, environment and cost price. 
0046 Standard polyolefins like PE or PP have rather good 
water vapour barrier properties. However to get the water 
vapour barrier properties, it must be very unpolar (having 
essentially no polar co-monomers), and be very high crystal 
line. This together with the required wall thickness makes the 
package very inflexible. 
0047 For these unpolar polyolefins the barrier properties 
are well correlated with the percentage of crystalinity. For PP 
the crystalinity is mainly dependent of the ethylene co-mono 
mer content and for some block copolymer types also on the 
polymerization process. For PE polymers the crystalinity is 
mainly depending on the branching defined polymerization 
process and on the content of unpolar co-monomers like 
butylenes, hexene and octene. PE is normally divided into 3 
main categories, HDPE, LDPE and LLDPE. HDPE is quite 
linear and LDPE are more branched in structure. LLDPE is 
very linear in overall structure, but has the small scale branch 
ing defined by the co-monomers. For the same density LDPE 
and LLDPE are very similar in water vapour barrier and in 
flexibility. However, LLDPE has a higher melting point and 
thus better high temperature performance, which may be 
important in the sterilization process. 
0048. According to an embodiment of the invention, the 
composition of the tube material comprises polyethylene 
which is a low density polyethylene or a linear low density 
polyethylene. 
0049. By low density polyethylene (LDPE) is meant a 
thermoplastic polymer (polyethylene), wherein the LDPE is 
defined by a density range of 0.910-0.940 g/cm. 
0050. By linear low density polyethylene (LLDPE) is 
meant a Substantially linear polymer (polyethylene), with 
significant numbers of short branches, commonly made by 
copolymerization of ethylene with longer-chain olefins. Lin 
ear low-density polyethylene differs structurally from con 
ventional low-density polyethylene because of the absence of 
long chain branching. 
0051 Standard PE's and PP's are too stiff for a straight 
flexible tubing. However some specialty grades of metal 
locene LLDPE/VLDPE and PP-PE copolymers with modu 
lus below 100 MPa can be used. Examples of these materials 
are Clearflex (LLDPE from Polymeri) with densities below 
0.91 g/cm and Vistamaxx and Versify (metallocene PP/PE 
copolymers from Exxon and Dow Chemical). For corrugated 
tubing good flexibility can be obtained for standard PEs with 
E-modulus below 200 MPa. However, the barrier will be 
reduced because of a higher Surface area of a corrugated tube 
(typically double area) and thinner material (typically half 
thickness). 
0052. In an embodiment of the invention, the layer com 
position of the tube comprises the combination of one or more 
thermoplastic polymer layer(s) and one or more thermoplas 
tic elastomer layer(s). 
0053. In another embodiment of the invention, the layer 
composition of the tube comprises two or more thermoplastic 
polymer layers. 
0054. In another embodiment of the invention, the layer 
composition of the tube comprises two or more thermoplastic 
elastomer layers. 
0055 According to one embodiment of the invention, the 
tube is a 3-layer construction which comprises a thermoplas 
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tic polymer layer as an outer layer and as an inner layer and a 
thermoplastic elastomer layer as the middle layer. 
0056. According to another embodiment of the invention, 
the tube is a 3-layer construction which comprises a thermo 
plastic elastomer layer as an outer layer and as an inner layer 
and a thermoplastic polymer layer as the middle layer. 
0057 According to another embodiment of the invention, 
the tube is a 3-layer construction which comprises a thermo 
plastic elastomer layer as an outer layer and as an inner layer 
and another thermoplastic elastomer layer as the middle layer. 
0.058 According to another embodiment of the invention, 
the tube is a 3-layer construction which comprises a thermo 
plastic polymer layer as an outer layer and as an inner layer 
and another thermoplastic polymer layer as the middle layer. 
0059. According to another embodiment of the invention, 
the tube is a 2-layer construction which comprises a thermo 
plastic elastomer layer as an outer layer and a thermoplastic 
polymer layer as the inner layer. 
0060 According to another embodiment of the invention, 
the tube is a 2-layer construction which comprises a thermo 
plastic elastomer layer as an outer layer and another thermo 
plastic elastomer layer as the inner layer. 
0061 According to another embodiment of the invention, 
the tube is a 2-layer construction which comprises a thermo 
plastic polymer layer as an outer layer and a thermoplastic 
elastomer as the inner layer. 
0062 According to another embodiment of the invention, 
the tube is a 2-layer construction which comprises a thermo 
plastic polymer layer as an outer layer and another thermo 
plastic polymer layer as the inner layer. 
0063. In an embodiment of the invention, the thermoplas 

tic polymer layer(s) comprises polyethylene homopolymers 
with a density of 0.900-0.930 g/cm. 
0064. According to one embodiment of the invention, the 
thermoplastic polymer layer(s) comprises polyethylene 
copolymers with butene, hexene or octene as co-monomers 
and with a density of 0.900-0.930 g/cm. 
0065. In an embodiment of the invention, the thermoplas 

tic polymer layer(s) comprises a polypropylene copolymer 
with from 1% to 25% of ethylene as co-monomer either 
randomly distributed or as discrete blocks and with a density 
of 0.860-0.910 g/cm. 
0066. According to another embodiment of the invention, 
the thermoplastic polymer layer(s) comprises polyethylene 
copolymers or terpolymers with from 1% to 25% of vinylac 
tetate methylacrylate, ethylacrylate, butylacrylate, acrylic 
acid, methacrylic acid or maleic acid as comonomers. 
0067. The thermoplastic elastomer layer(s) may comprise 
elastomer as pure elastomers or as compounds. 
0068. Likewise, the thermoplastic polymer layer(s) may 
comprise polymer as pure polymers or as compounds. 
0069. A LLDPE with a density between 0.900 g/cm and 
0.930 g/cm is a suitable compromise between flexibility, 
water vapour barrier and dimensional stability at radiation 
sterilization temperatures for the thermoplastic polymer 
layer. 
0070. In one embodiment of the invention, the thermo 
plastic elastomer layer(s) comprises styrenic elastomers as 
pure polymers or as compounds. 
0071. Thermoplastic elastomer compounds can be very 
Soft and unpolar compounds. Such compounds may be based 
on SEBS together with PP or PE and in many cases with 
paraffin oil as a plasticizer. A customized compound can give 
the required flexibility, kink-resistance and water vapour bar 
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rier for a straight tube, and in the best cases it can also fulfill 
the water vapour barrier requirements for a corrugated tube. 
0072 According to an embodiment of the invention, the 
thermoplastic elastomer layer(s) further comprises polypro 
pylene and/or polyethylene, and optionally a plasticizer Such 
as paraffin oil in a compound. 
0073. In one embodiment of the invention the composition 
of the tube material contains 1-10% (w/w) of low molecular 
PE wax (Mw 500 to 1500 g/mol) in order to improve the 
barrier properties and flexibility. 
0074 By polyethylene wax (PE wax) is meant a low 
molecular weight polyethylene polymer that because of its 
low molecular weight has wax like physical characteristics. 
0075 Polyisobutylene is a polyolefin, which at the same 
time is soft and has very good water barrier properties, even 
much better than could be expected from its unpolar nature 
and low crystallinity. It could be explained by a molecular 
structure, which gives very low mobility of the polymer 
chains in the amorphous phase, even though the actual tem 
perature is above the Tg for the amorphous phase of the 
material. 
0076. In its pure form polyisobutylene is not a solid mate 

rial, thus it needs to be used either as: 
0077 Cured or uncured butyl rubber (poly-isobutylene 
isoprene copolymer e.g. EXXon Butyl, Lanxess Butyl). 

0078 Block copolymer with e.g. polystyrene as the end 
blocks, SiBS, styrene-isobutylene-styrene (e.g. Sibstar 
from Kaneka). 

0079 Compound with a thermoplastic material like 
polyethylene or polypropylene or styrene block-copoly 
mers (e.g. SEBS, SEPS or SBS). These compound may 
contain polybutene, polyisobutylene, cured or uncured 
butyl rubber, and/or SiBS block-copolymer. 

0080 According to one embodiment of the invention, the 
thermoplastic elastomer layer(s) comprises polybutene, poly 
isobutylene, cured or uncured butyl rubber, or block copoly 
mer with polystyrene as the end blocks such as styrene 
isobutylene-styrene. 
0081. According to another embodiment of the invention, 
the thermoplastic elastomer layer(s) comprises a styrene 
block copolymer Such as polystyrene-block-poly(ethylene? 
butylene)-block-polystyrene, polystyrene-block-poly(ethyl 
ene/propylene)-block-polystyrene, polystyrene-block-po 
lybutadiene-block-polystyrene or polystyrene-block 
polyisobutylene-block-polystyrene. 
0082. According to an embodiment of the invention, the 
tube is straight. 
0083. By a straight tube is meant a tube without pleats. 
0084. According to another embodiment of the invention, 
the tube is corrugated. 
0085. By a corrugated tube is meant a tube with a series of 
pleats or parallel ridges and furrows. 
I0086 According to an embodiment of the invention, the 
construction can also include the use of special tie-layers to 
secure adequate adhesion between the tube layers. 
0087. The tube package will normally be made in slightly 
more than the full length of the catheter, but can for certain 
applications be made in lengths up to e.g. 2 times, or even 
more, of the length of the catheter. 
0088. The tube can be closed in both ends with a hot melt 
plug. The tubes can as well be closed by other secure means 
e.g. by welded or glued Small caps or lids or simply closing 
the ends by welding the tube together. 
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I0089. In an embodiment of the invention, a catheter pack 
age set comprises a tube package, an intermittent catheter, a 
Swelling medium and optionally a urine collection bag, 
wherein the tube material is flexible and has a low water 
vapour transmission rate. 
0090. In one embodiment of the invention, the swelling 
medium is disposed within the tube package. 
0091. According to an embodiment of the invention, the 
catheter package set comprises a tube package as described 
above. 
0092. According to one embodiment of the invention, the 
catheter package set comprises an intermittent catheter com 
prising a hydrophilic coating. 
0093. In one embodiment of the invention, the package set 
has been sterilized using irradiation while in contact with the 
Swelling medium. 
0094. In a preferred embodiment of the invention, the set is 
sterilized using B- or Y-irradiation. 

Experimental 

Materials Tested 

(0095 EVA grade tested were: Greenflex ML40 (14% 
vinyl acetate content) 
LDPE grades tested were: Riblene FH10 from Polimeri 
Europe 
SEBS compound were: Meliflex M6608 and R2783 from 
Melitek 
SIBS were Kraton DF-117OBT 
SiBS were: SibStar T102 from Kaneka 

Methods 

(0096 Water permeability: The Water Vapour Transmis 
sion Rate (WVTR) at relevant environmental conditions. 
Standard measuring conditions often used in the literature 38° 
C. with 90% RH difference, however 30° C. and 40° C. are 
commonly also used. The conditions used for the examples 
here are 30° C. with 70% Relative Humidity difference 
(100% RH inside and 30% RH outside). For flat samples the 
permeability is linear correlated with the surface area and 
with the reciprocal thickness of the sample. For tube samples 
a good and simple approximation has been made for the 
calculation as follows. For straight as well as corrugated 
tubing the values has been calculated by using the mean of the 
inside and the outside Surface area and the mean material 
thickness. The calculations of the equivalent permeability for 
the actual monolayer and multilayer constructions have been 
made on the results of the Water loss measurements, which 
have been performed on actual tube samples. See below. 
0097 Water loss: The water loss by permeation through 
the packaging is a combination of the actual geometrical 
design, the materials and the environmental conditions. The 
permitted water loss is depending on the product design. For 
the water loss measurements the actual tubes in a length of 
350 mm has been filled with 6 ml of the actual catheter 
swelling media (93% water 6% PVP polymer and 0.9% 
NaCl) and, for the testing, closed in both ends with a hot melt 
plug of a minimum of 4 mm in thickness. By weighing the 
samples a minimum of 3 times within a few months of storage 
at 30° C. and 70% RH difference a very good linear correla 
tion can be made between the water loss and the storage time. 
(0098. Flexibility: Subjective ability to be bended. For 
practical purposes the bending characteristics are correlated 
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with the E modulus of the material and the geometrical size 
and shape. For relevant packaging tube sizes with inside 
diameter of 6 to 10 mm and wall thickness between 0.5 and 
1.0 mm E-modulus up to 150 MPa can be used for straight 
tubing and up to 400 MPa for a tube with a corrugated design. 
0099 Sterilization: The catheter product is to be E-beam 
or Gamma sterilized. 

Water Loss Measurement 

0100 350 mm length of the tubes were closed in one end 
with polyethylene hotmelt and packed with 6 ml of the PVP 
catheter swelling medium before closing the other end with 

ID Inner Middle Outer 
No. Layer Layer Layer 

1 Greenflex ML40, EVA 
Riblene FH10, LDPE 

13 Meliflex M6608, SEBS-Compund 

3 Greenflex Kraton DF- Greenflex 
ML40 170 BT, ML40 
EVA SIBS EVA 

6 Riblene Kraton DF- Riblene 
FH10 170 BT, FH10 
LDPE SIBS LDPE 

8 Melifex Sibstar Melifex 
M6608 O2T, M6608 SEBS 
SEBS- SBS Compound 
Compound 

9 Greenflex Sibstar Melifex 
ML40 O2T, M6608 SEBS 
EVA SBS Compound 

10 Greenflex Sibstar Riblene 
ML40 O2T, FH10 
EVA SBS LDPE 
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the PE hotmelt. The products were weighed on a calibrated 
scale with an accuracy of +/-0.1 mg. Results reported for 
each experiment are average for 3 measurements, and they 
have been corrected for the weight loss for reference samples 
without the swelling medium. 

Example 1 
0101 3-layer straight tube 
Inside diameter: 4.9 mm; Outside diameter 6.1 mm 
Layer thicknesses: Inner layer: 0.1 mm; Middle layer: 0.4 
mm. Outer layer: 0.1 mm 
Outside Surface Area: 40.9 cm 

Water loss 

Calculated Equivalent 
Weight Loss Permeability 

2 years Coefficient 
Weight loss, Weight loss, Weight loss, (Linear 30°C. with 

6 days 15 days 32 days regression) 85% RH difference 
9. 9. 9. 9. g/m2/mm/24h 

O.O90 O.224 O438 9.7 1.95 
O.O10 O.O24 O.043 O.9 O.18 
O.O2O O.08O O.122 3.0 O.60 

(5 days) (18 days) (30 days) 
O.096 O.336 O604 13.9 2.79 

O.O12 0.044 0.078 1.8 O.36 

O.O11 O.044 O.069 1.7 O.34 

(5 days) (18 days) (30 days) 

O.O11 O.047 O.074 1.8 0.37 
(5 days) (18 days) (30 days) 

O.O10 O.040 O.061 1.5 O.30 

(5 days) (18 days) (30 days) 

Flexibility 

ID Inner Middle Outer 
No. Layer Layer Layer 

1 Greenflex MLAO EVA 

4 Riblene FH10 LDPE 

13 Meliflex M6608 SEBS-Compund 
3 Greenflex Kraton DF- Greenflex 

ML40 1170 BT, ML40 
EVA SIBS EVA 

6 Riblene Kraton DF- Riblene 
FH10 1170 BT, FH10 
LDPE SIBS LDPE 

8 Melliflex Sibstar Melifex 
M6608 SEBS- 102T, M6608 SEBS 
Compound SBS Compound 

9 Greenflex Sibstar Melifex 
ML40 102T, M6608 SEBS 
EVA SBS Compound 

Modulus of 
Middle Layer Shore A 
ISO 527 hardness of Flexibility Kink 
MPa. Middle Layer Actual Construction 

60 MPa. 92 Shore A Acceptable Acceptable 
40 Shore D 

160 MPa. 50 Shore D Too Stiff Acceptable for 
Some applications 

60 MPa. 60 MPa. Acceptable Acceptable 
Shore A 44 Shore A 44 Acceptable Acceptable 
8 MPa. 8 MPa. and very 
(300% modulus) (300% modulus) flexible 
Shore A 44 Shore A 44 Acceptable Acceptable for 
8 MPa. 8 MPa. Some applications 
(300% modulus) (300% modulus) 
O.S MPa. O.S MPa. Acceptable Acceptable 

(100% modulus) (100% modulus) and very 
flexible 

O.S MPa. O.S MPa. Acceptable Acceptable 

(100% modulus) (100% modulus) and very 
flexible 
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Flexibility 

Modulus of 
Middle Layer Shore A 

ID Inner Middle Outer ISO 527 hardness of Flexibility Kink 
No. Layer Layer Layer MPa. Middle Layer Actual Construction 

10 Greenflex Sibstar Riblene OS MPa. OS MPa. Acceptable Acceptable 
ML40 102T, FH10 (100% modulus) (100% modulus) and very 
EVA SBS LDPE flexible 

Discussion 

0102 From the examples, it can be seen that a satisfactory 
compromise can be obtained between the water loss and 
flexibility for a multilayer tube. 
(0103. From ID No. 1, 4 and 13 it can be seen that none of 
these thermoplastic polymers or thermoplastic elastomers 
fulfills all the requirements for water loss, flexibility and kink 
resistance when made as a monolayer tube. However, when 
these materials are used in a multilayer tube in combination 
together with thermoplastic elastomers good results can be 
obtained in some cases as seen for ID No. 6, 8, 9 and 10. 
0104. It is an object of the present invention that when 
having this possibility also other properties such as welding 
properties, Surface friction, visual appearance and cost price 
for the tube can be optimized by making the proper choice of 
material combination and layer thicknesses. 

1. A catheter package: 
comprising a multilayer tube sized to receive an intermit 

tent catheter, wherein the tube is formed of tube material 
that is flexible and has a water vapour transmission rate 
below 0.50 g/m/mm/24 h. 

2. The catheter package according to claim 1, wherein the 
tube material has a water vapour transmission rate below 0.30 
g/m/mm/24 h. 

3. The catheter package according to claim 1, wherein the 
multilayer tube comprises at least one thermoplastic polymer 
layer(s) and at least one thermoplastic elastomer layer(s). 

4. The catheter package according to claim 1, wherein the 
multilayer tube comprises two or more thermoplastic poly 
mer layers. 

5. The catheter package according to claim 1, wherein the 
multilayer tube comprises two or more thermoplastic elas 
tomer layers. 

6. The catheter package according to claim 3, wherein the 
at least one thermoplastic elastomer layer(s) comprises a 
styrene block copolymer selected from the group consisting 
of polystyrene-block-poly(ethylene/butylene)-block-poly 
styrene, polystyrene-block-poly(ethylene/propylene)-block 
polystyrene, polystyrene-block-polybutadiene-block-poly 
styrene and polystyrene-block-polyisobutylene-block 
polystyrene. 

7. The catheter package according to claim 6, wherein the 
thermoplastic elastomer layer(s) further comprises one of 
polypropylene and polyethylene, and aparaffin oil plasticizer. 

8. The catheter package according to claim 3, wherein the 
thermoplastic elastomer layer(s) comprises polybutene, poly 

isobutylene, cured or uncured butyl rubber, or block copoly 
mer with polystyrene as the end blocks such as styrene 
isobutylene-styrene. 

9. The catheter package according to claim 3, wherein the 
thermoplastic polymer layer(s) comprises polyethylene 
homopolymers with a density of 0.900-0.93 g/cm. 

10. The catheter package according to claim3, wherein the 
thermoplastic polymer layer(s) comprises polyethylene 
copolymers with butene, hexene or octene as co-monomers 
and with a density of 0.900-0.930 g/cm. 

11. The catheter package according to claim3, wherein the 
thermoplastic polymer layer(s) comprises a polypropylene 
copolymer from 1% to 25% of ethylene as co-monomer either 
randomly distributed or as discrete blocks and with a density 
of 0.860-0.910 g/cm. 

12. The catheter package according to claim3, wherein the 
thermoplastic polymer layer(s) comprises polyethylene 
copolymers or terpolymers from 1% to 25% of vinylactetate, 
methylacrylate, ethylacrylate, butylacrylate, acrylic acid, 
methacrylic acid or maleic acid as comonomers. 

13. The catheter package according claim 9, wherein the 
polyethylene homopolymer is a low density polyethylene ora 
linear low density polyethylene. 

14. The catheter package according to claim 1, wherein the 
tube is corrugated. 

15. The catheter package according to claim 1, wherein the 
tube is straight. 

16. A catheter package set comprising 
a tube packagesized to receive 
an intermittent catheter, 
a Swelling medium, 
and a urine collection bag, 

wherein the tube is formed of tube material that is flexible and 
has a water vapour transmission rate below 0.50 g/m/mm/24 
h. 

17. The catheter package set according to claim 16, 
wherein the swelling medium is disposed within the tube 
package. 

18. (canceled) 
19. The catheter package set according to claim 16, 

wherein the intermittent catheter comprises a hydrophilic 
coating. 

20. The catheter package set according to claim 16, 
wherein the catheter package set has been sterilized using 
irradiation while in contact with the swelling medium. 

21. The catheter package set according to claim 20, 
wherein the set is sterilized using B- or Y-irradiation. 
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